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(57)Abstract: 

PURPOSE: To provide a photomultiplier with low transit time 
dispersion characteristics and low noise factor and capable of 
using in high speed operation system. 

CONSTITUTION: A semiconductor photodiode 14 functions as 
an anode and accepts electrons from a photocathode 1 2. The 
focusing structure of a tube consist of two parts, one is an 
anode focusing electrode 16, locates near to the photodiode 14, 
and the other is a grid focusing electrode 1 8, locates in the 
middle of the photodiode 1 4 and the photocathode 1 2, has two 
different diameters, and operates at low voltage. These 
electrodes form a focusing electric field so that electrons are 
sent efficiently from the photocathode with large surface area 
to the photodiode with small surface area. The photodiode is 
designed and fixed so as to function as a terminal member given 35- 
excellent timing characteristics. 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] The envelope which was exhausted so that the vacua suitable for actuation of the electron tube 
might be formed in the interior and by which the hermetic seal was carried out, The aperture which 
constitutes a part of above-mentioned envelope which can pass a radiant ray, The phot cathode which will 
emit an electron if it is arranged at the inside of this aperture, the 1 st electrical potential difference is 
supplied and the operation by the radiant ray which passes the above-mentioned aperture is received, If it is 
arranged in the above-mentioned envelope, the 2nd electrical potential difference is supplied and the 
electron from [ above-mentioned ] a phot cathode contacts, the electrical signal which changes according to 
the amount of the electron the semi-conductor photo diode generated on an output connection object, and 
within the above-mentioned envelope At least one anode plate focusing electrode and grid focusing 
electrode which have been arranged to the field between the above-mentioned phot cathode and semi- 
conductor photo diode, **** and arrangement of the direction of the above-mentioned anode plate focusing 
electrode is carried out rather than the above-mentioned grid focusing electrode soon at the above- 
mentioned semi-conductor photo diode. Each above-mentioned focusing electrode consists of conductive 
ingredients, the 3rd electrical potential difference is supplied to the above-mentioned grid focusing 
electrode, and the 4th electrical potential difference is supplied to the above-mentioned anode plate focusing 
electrode. By it The photomultiplier tube constituted so that the focusing electric field which make the 
above-mentioned semi-conductor photo diode point to the electron emitted from the above-mentioned phot 
cathode may be formed in the above-mentioned envelope. 

[Claim 2] The above-mentioned phot cathode, the above-mentioned semi-conductor photo diode, and the 
photomultiplier tube according to claim 1 with which each above-mentioned focusing electrode is arranged 
in same axle. 

[Claim 3] The photomultiplier tube according to claim 1 currently formed in the configuration which has the 
specific impedance characteristic which the above-mentioned output connection object of the above- 
mentioned semi-conductor photo diode adjusts in the impedance of the circuit of the exterior of the 
photomultiplier tube connected to this output connection object. 

[Claim 4] The photomultiplier tube according to claim 1 with which the above-mentioned semi-conductor 
photo diode is located on the shaft of the photomultiplier tube. 

[Claim 5] The photomultiplier tube according to claim 1 located in the crossover point of focusing electric . 
field that the above-mentioned semi-conductor photo diode was formed of the electrical potential difference 
currently impressed to this photo diode, above-mentioned phot cathode, and each above-mentioned focusing 
electrode. 

[Claim 6] The photomultiplier tube according to claim 1 with which the above-mentioned grid focusing 
electrode consists of two segments which have a mutually different diameter, and the direction of the 
diameter of the segment near the above-mentioned phot cathode is enlarged. 

[Claim 7] The photomultiplier tube according to claim 1 both whose front faces of the above-mentioned 
aperture are parallel and flat fields mutually. 

[Claim 8] The above-mentioned aperture is the photomultiplier tube according to claim 1 whose internal 
surface of the is a concave surface and whose outside surface is flat Men. 

[Claim 9] Both the above-mentioned apertures are the photomultiplier tube according to claim 1 whose 
center of curvature is what has two curve front faces located in the interior of tubing. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Application of the Invention] This invention relates to the photomultiplier tube containing the semi- 
conductor photo diode which works as an anode plate where it points to the electron emitted to the electric 
lamp and the discharge device from the phot cathode in more detail. 
[0002] 

[Background of the Invention] Although it is well-known to use combining a phot cathode and semi- 
conductor photo diode in the photomultiplier tube, generally such equipment is not used. The clear reason is 
because it is difficult to make the vacuum devices which have the photo diode of an area far smaller than the 
phot cathode and that of a large area. However, it is thought that it has an advantage, like a supplemental 
circuit configuration with few noises with sufficient gain stability excellent in the high, some the advantage 
of collection, for example, a rate, response time with small power consumption and gain linearity can be 
simplified in such equipment. Such an advantage should be acquired if equipment can be made 
appropriately. 

[0003] If the semi-conductor photo diode which generates the electric-generating-power signal of the 
photomultiplier tube is used, since an electrical potential difference [ usual / to a semiconductor circuit or an 
integrated circuit ] within the limits will be obtained as an output signal electrical potential difference, the 
circuit connected to the latter part of the photomultiplier tube can use the advantage which such a technique 
has. Furthermore, the photomultiplier tube using a semi-conductor is especially useful when using it for a 
system which needs much tubing. Because, when it is going to use hundreds of [ dozens or ] tubing for one 
equipment, tubing using a semi-conductor has small power consumption, and it is because it becomes a big 
advantage for the configuration of attachment to be easy. 

[0004] According to this invention, the structure where the optimal necessary property of the 
photomultiplier tube using a semi-conductor can be given is offered. According to this invention, photo 
diode with small surface area can be used with an aperture with a far bigger area than this, and a phot 
cathode, and the front face of another side can use [ one / a flat side and / front face ] the aperture a concave 
surface or both whose front faces are concave surfaces for both front faces by flat Men. 
[0005] Moreover, according to this invention, compared with the conventional tubing, a transit-time 
dispersion (Transit Time Spread) property is acquired for the photomultiplier tube with a low noise figure 
far well. Furthermore, tubing which becomes possible [ using the output configuration which the 
transmission line can be made to adjust ], therefore uses for high-speed operation equipment, and functions 
good is obtained by having used the special chip attachment component. 
[0006] 

[Summary of the Invention] The various advantages mentioned above are acquired by using the focusing- 
electrode structure where both have only two focusing electrodes of comparatively easy structure. One 
electrode is an easy cylinder-like member which functioned as a target of the electron which functioned as a 
part of anode plate, namely, was emitted from the phot cathode, was made to approach a semiconductor 
chip, and has been arranged. The electrode of another side is the cylinder-like member which consists of two 
segments, and the direction of the segment of another side where some diameters of the segment were small 
and while it has been arranged at the semiconductor chip side has been arranged at the phot cathode side has 
a large diameter. This 2 segment form focused grid electrode is arranged to the middle field between a phot 
cathode and a semiconductor chip, and the comparatively low focusing electrical potential difference lower 
than 200 volts is impressed. 

[0007] The semiconductor chip attachment component is arranged on the shaft of tubing. This 
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semiconductor chip attachment component is constituted so that it can connect all over the circuit where it 
operates as matched transmission line trailer material. Furthermore, in accordance with the shaft of tubing, a 
semiconductor chip sets spacing and is prepared so that it may be located in the focusing crossover field of 
an electron beam. Thus, by constituting, an electron is formed in a narrow beam and high collector 
efficiency is acquired so that all the electrons emitted from the phot cathode of a large area can act on the 
photo diode of small area comparatively. 

[0008] The semi-conductor photomultiplier tube with the operating characteristic superior to the 
conventional semi-conductor photomultiplier tube can be obtained by making this easy structure from a 
suitable geometric dimension configuration, and arranging it in a vacuum envelope using a well-known 
photomultiplier- tube manufacturing technology. 
[0009] 

[Detailed Description of the Invention] Drawing shows the one half of the photomultiplier tube by the 
recommendation example of this invention in the cross section in alignment with that shaft. As for other one 
half, the external surface is shown. The photomultiplier tube 1 0 is substantially formed as coaxial structure. 
The phot cathode 12 inside the glass aperture 13 On the chip attachment component 15 by which the semi- 
conductor photo diode 14 has been arranged at the phot cathode 12 of tubing 10, and the reverse near edge It 
is arranged in the location of abbreviation middle where the anode plate focusing electrode 1 6 met and the 
grid focusing electrode 1 8 met the tube axis near the semi-conductor photo diode 1 4, respectively. 
Furthermore, the vacuum envelope of tubing 1 0 is formed of suitable ceramic insulation walls 20, 22, and 24 
and flanges 35, 36, and 37. 

[0010] In a recommendation example, although the semi-conductor photo diode 14 is silicon diode which 
operates in "electron-bombardment-induced-conductivity" mode, the silicon avalanche diode which operates 
in the same mode can also be used, and the semi-conductor photo diode of other formats can also be used in 
the configuration of the recommendation example of illustration. When the level of light is low, the 
direction of a silicon avalanche diode actually carries out better actuation. 

[001 1] Modification can be added to the example of illustration about an aperture 13. As a continuous line 
shows to drawing, an aperture 1 3 can also consist of two parallel flat Men, and as a dotted line 26 shows, it 
may use what made the internal surface the concave surface which has center of curvature in the 
photomultiplier tube 10. When the internal surface of an aperture 13 is made into the curved concave surface 
26, the outside surface is good also as a concave surface also as flat Men. the case where an internal surface 
is made into a concave surface — an outside surface — which configuration — be — if it is the photo diode of 
the same small diameter, rather than what has both the 2nd flat page, good timing characteristics will be 
obtained and cathode collector efficiency will also become good further. 

[0012] In the recommendation example of this invention, the bore of the envelope in which the die length of 
the shaft orientations to photo diode 14 is formed from the phot cathode 12 of the coaxial photomultiplier 
tube 10 by about 58.42mm (about 2.3 inches) and insulating members 22 and 24 is about 63.5mm (about 2.5 
inches). It does not pass over the effectual diameter of photo diode 14 to about 2.5mm, but, on the other 
hand, the diameter of the phot cathode 12 is about 50mm. Therefore, the ratio of the area of the phot cathode 
12 and photo diode 14 is about 400 to 1. Big surface ratio can be attained very much by arranging photo 
diode 14 at the crossover point of the focusing electric field formed with these focusing electrodes 16 and 18 
that are on a tube axis and have been arranged in same axle. 

[0013] The location of the anode plate focusing electrode in a recommendation example is best to set in the 
relation between photo diode 14 and the medial axis of tubing 10. That is, it is because the coaxial cylinder- 
like front face of the anode plate focusing electrode 16 is on the radius of about 8.38mm (about 0.33 inches) 
from the core of photo diode 14 and the core of this photo diode 14 is on the shaft of tubing 1 0. 
Furthermore, the anode plate focusing electrode 16 is prolonged by about 10.16mm (about 0.4 inches) in 
shaft orientations along with tubing 10 toward the phot cathode from photo diode 14. 
[0014] The location of the coaxial grid focusing electrode 18 in the photomultiplier tube 10 of a 
recommendation example can be more easily defined by relation with the phot cathode 12. With the 
dimension of the tubing 10 mentioned above, the edge by the side of the phot cathode 12 of the grid 
focusing electrode 1 8 is located from a phot cathode in the location of about 20.32mm (about 0.8 inches). 
The grid focusing electrode 18 consists of segments (part) 28 and 30. A bore is about 50.8mm (about 2 
inches), the die length in alignment with a tube axis is about 18.58mm (about 0.73 inches), and, as for the 
segment 30 of the smaller one, the effective length of the segment 28 of the larger one to whom a bore is 
about 49.276mm (about 1.94 inches), and meets a tube axis is about 7.62mm (about 0.3 inches). If these 
dimensions are adopted as a photo-multiplier 10 and about 100 volts is added to it at an above-mentioned 
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grid construction, 1 00% of collector efficiency can be acquired substantially. 

[0015] The advantage which should mention this invention especially is a point which can be made a 
configuration which adjusts the connection to the semi-conductor photo diode 14 in an external circuit. The 
chip attachment component 15 functions as an edge seal of tubing 10. A wire or a strip connection object is 
sufficient as the connection object 32 over the photo diode 14 attached on the chip attachment component 
15. The dimension configuration of this basic structure cannot affect the build up time of an anode plate 
pulse, but it can define it so that a spurious ringing phenomenon moreover may not be produced, so that the 
impedance used as the termination which it adjusted to the consecutive circuit may be presented therefore. 
[0016] He can fully understand the structural description of others of the photomultiplier tube 10 in the field 
of a photomultiplier-tube technique. It is attached in the external flange 36, and using this, during 
manufacture of tubing, the tubing configuration 34 for exhaust air can process a gas suitably, and can 
discharge it again. Moreover, in order to energize the phot cathode 12, from the bead heated electrically, a 
flange 36 may be penetrated and the electric feed through used for other purposes of ** which evaporate 
antimony may be attached. Flanges 35 and 36 function on the anode plate focusing electrode 16 and the grid 
focusing electrode 1 8 also as an electrical connection member for supplying a focusing electrical potential 
difference. 

[0017] The fundamental structure of the seal between ceramic-metals is also fully understood by this 
technical field, therefore the detail of the assembly of the envelope of tubing 10 is not explained. 
[0018] If the structure of this invention is used, the photomultiplier tube with the quick response time with 
very sufficient effectiveness which can use a very easy supplemental circuit will be obtained. Therefore, it 
also becomes possible to become possible to use much photomultiplier tubes with one equipment, and to use 
the photomultiplier tube for a high-speed operation circuit, without making the thermal emission from a 
photomultiplier-tube partial pressure circuit increase. 

[0019] It cannot pass over the photomultiplier tube illustrated and explained in the recommendation 
example, but many alterations can give it to the function and configuration of a configuration component of 
tubing, and it can also be replaced with the thing of the example of illustration of an equivalent means. 
Furthermore, within the limits of this invention, a specific configuration can be separated from others and 
can also be used. For example, the envelope of tubing can consist of a ceramic or glass. Even if it uses 
which insulator, the technique of sealing to the metal of these insulators is established by this technical field. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 3/8/2006 



JP,05-054849,A [DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of tnis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




15 U 20 32 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/8/2006 



esp@cenet document view 



1/1 <<— v 



PHOTOMULTIPLIER TUBE 



Patent number: 
Publication date: 
Inventor: 
Applicant: 

Classification: 

- international: 

- european: 
Application number: 
Priority number(s): 



JP5054849 
1993-03-05 

CHIYAARUZU EMU TO MAS ETS UTE I 
BURLE TECHNOLOGIES 

H01J43/04; H01J43/12; H01J43/00; (IPC1-7): 
H01J43/06; H01J43/28 

H01J43/04; H01J43/12 

JP19920026165 19920116 

US19910643179 19910117 



Also published as: 

gj EP0495283(A' 
jg US5120949(A 
13 EP0495283 (B' 



Report a data error he 



Abstract of JP5054849 

PURPOSE: To provide a photomuitiplier with low 
transit time dispersion characteristics and low 
noise factor and capable of using in high speed 
operation system. CONSTITUTION: A 
semiconductor photodiode 14 functions as an 
anode and accepts electrons from a 
photocathode 12. The focusing structure of a 
tube consist of two parts, one is an anode 
focusing electrode 16, locates near to the 
photodiode 14, and the other is a grid focusing 
electrode 18, locates in the middle of the 
photodiode 14 and the photocathode 12, has two 
different diameters, and operates at low voltage. 
These electrodes form a focusing electric field so 
that electrons are sent efficiently from the 
photocathode with large surface area to the 
photodiode with small surface area. The 
photodiode is designed and fixed so as to 
function as a terminal member given excellent 
timing characteristics. 
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©i<3 4>M^^W5>^!m4#f#e,ft. Etc. mesh* 
[0012] c(»mia>m*mmmic*5^-c\z. mnit 

S^iffS*l 0©*F*V-F1 2#>6* Y*t4*~ F 
1 4$-C©tt^(S]©S3«. /ft5 8. 4 2mm ($ij2. 
3-Y>~^) . lfiliaWt2 2i2 4"r»aE3ftSJ1-HS© 
rt»ffl6 3. 5mm (i^2. 5 * h 

y-fd— .K 1 4©3B»WfcH»B*j2. 5mmtciai? 
"f , — 77. * h 27 V- F 1 2<DWM\zms 0 mm-C* 
6. fit-p-C. *h*y-H12i*h^t-F14© 

Ea©Jttt. ^40 o»i v&z. cofflxicxinzm 
ffibi*. F14*WI_L"C. *>o> isiNtt 

(CESSftfcJIUMC 1 6 . l 8 tc<fc -,r^j&3ftSIJI 
jfcm J?© a» a * * - A £ (Cffig 3 5 c t tc «t •) m&T 

[0013] ii^*feff9tctewsi®s#imsffi©<ag 
t*. *h#-T*-Fl 4if 1 0©*'C^lli©M^K:*j 

t>rs»s©3&j«feai,». ip^. mmm^^mi 6<Dm 

Mis y >5f«»ffi»* h y-f F 1 4©tp*oS»i5W 
8. 3 8mm.(tt0. 3 3 -f>?-> ©*S±«:*?), C 
©^ Y*?4*- F 1 4©**ti'l : l 0©|*±(C*4*i6 
•C*^. Etc. P®g*S«@l YV-i*- Fl 4 

#>6*h#V- KtC|6D6»orei 0 tC7&-9 X Wi&MClfa 

10. 16mm (UO. 4 -f Stf-CV*. 

[0014] Ji^JSW©^^^ 4 * 1 0 tcfewspi 
M'Jv FiSlil 8©ffia«*h*y-Ki 2t© 

©^Jtfe-Ctt. ^ 'J v F*mS® 180*h*V-Fl 2 
fll©MB»tt*h*V-F*»6tt2 0. 3 2mm (SO. 
8^>5^) ©fi[gtC$,^„ yy ^ FJRXVSl 8ti-fe^ 

(9S^) 2 8 43 0i"C«SESftrt»S. 
S^©-fe^y> F 2 8tt, F*3g#ift5 0. 8 mm (^J2 
-Y>^) "T. ©I4tc f& 5 S3 £5^1 8. 5 8mm (*^J 
0. 7 3 /jN3C^J5©-fe^^> h3 0 

«. rt8*5ift4 9. 2 7 6mm (mi. 94^>f) 
r. «ftKi&93e»S««ft7. 62mm («0. 34> 

?) i otc. cwbv^-mzmm 

*SWtC 1 0 0 K©4Kft*ft*£f»-&C i^Tt^.. 
[0015] C©^Hj©^T^^fiJ*B. h 

5B*1 o©»»s/-;uior«lW5. f-yy'emsn 
*tl 5±{CBX0-WW6ft/c*Fy-r*-F 1 4tC*tr£ 

S^^3 2«c7-r+-c«)^ h y ?^«fe»t?fe<k(,>. c 

©S*^ii©^^«B. *ft**«tt©BB(C»UlS^ 



C4) 



- 5 4 8 4 9 



t, i^^VU*©3x^±#9Bffy^I5iF£-^X.-r, l>fr * 
[0016] ^m-^iffgt 1 0 <DZ<Dfe<DM&m¥m.! l t 

•5. 8mm t gmm3 4 ^sb? ^ >s> 3 6 tea* o ftw e. 

F* ;U- * 7 5 >S> 3 6 £B3I L/T5X 9 WW -5 C £ fe & 
S. 77>i>3 5£3 6«. ili^SSl 6<>:^V7 

*t£L-r&m#g-rs. 

[0017] ^-^spa©^-;i/©s*wft«i 

t, 1 10 cD^Hsoffisr (ommtsm 
[ooi8] cvftwoamzm^zt* im^mm* 



[0019] HCTLKHLX^tt^WMttftgft^ffl 

tCi^SL/, |3J^©#&*Elm©ilS60!J©fc©£ 
4. »c. 4©e©JfjS*, c©fg 
^©ffiHrt-c. ffe*>e>#J»?SibTm»*c£fcTir*. 

c n e. ©is«t^©^)s^© y > if<mm\t c ©sjf5 

[Hi 1 c «t4**T-iffWf<o. - 

12 *h*y-F 

1 3 M 

14 *3W(s*hy-f5|— F 

1 6 v§mmm.w& 
is ifvvpmsm 

2 8 ?'Jy KiI§S©-b #y > h 

3 0 ? F&fttt&CD'b 5^ > h 



[0 1 ] 
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